solvent was evaporated in vacuo. The purification of the product was achieved by column chromatography as detailed for each compound.
Boc-Protected C 16 -DAP. Quantities: Palmitic acid (1.00 g, 3.9 mmol), mono-Boc-DAP (683 mg, 3.9 mmol), TBTU (1.25 g, 3.9 mmol). The product was purified by column chromatography (DCM to DCM/MeOH (9:1)). The product was isolated as a white powder 1.50 g, 93%). R f (DCM/MeOH, 9:1) 0.43. 1 Boc-Protected C 16 -DAPMA. Quantities: Palmitic acid (1.00 g, 3.9 mmol), mono-Boc-DAPMA (2) (950 mg, 3.9 mmol), TBTU (1.25 g, 3,9 mmol). After evaporation of solvent the product was dissolved again in EtOAc (50 ml) and washed two times with sat. NaHSO 4 (15 ml), two times with sat. NaHCO 3 (15 ml), three times with H 2 O (15 ml) and once with sat. NaCl (15 ml). After GPC (DCM), the product was obtained as white solid (1. Boc-Protected C 16 -Spermidine. Quantities: Palmitic acid (0.472 g, 1.84 mmol, 1.04 eq.), N 1 ,N 5 -Bis-Boc-spermidine (0.61 g, 1.76 mmol), TBTU (0.585 g, 1.82 mmol), NEt 3 (3.5 ml).
After the solvent was evaporated some of the crude product (700 mg from 2.10 g) was purified, first by GPC in DCM and second by column chromatography (SiO 2 in Hex/EtOAc 1:1). The product was obtained as a white powder (258 mg, purified material, equivalent to 76% if all was purified). R f (Hex:EtOAc, 1:1) 0.23. 1 Boc-Protected C 16 -Spermine. Quantities: Palmitic acid (0.76 g, 2.98 mmol) in 65 ml DCM, tri-Boc-spermidine (1.50 g, 2.98 mmol), TBTU (0.95 g, 2.98 mmol). After the solvent was evaporated product was purified first by silica column in DCM/MeOH (1:0 to 9:1). Two fractions were combined (2.5 g) and purified again by a second column in Hex/EtOAc 2:1.
The product was obtained as a colourless oil (448 mg, 28 %). After 72 h some white crystals formed in the oil. R f (Hex:EtOAc, 1:1) 0.22. 1 
Nile Red Assay 3
This assay was employed to determine the critical micellar concentration (CMC) for the binders. A Nile red (2.5 mM) stock solution was made in EtOH. Solutions of Binder were prepared at a variety of concentrations starting from (300 µM) and less in disposable cuvettes. Samples of the stock solution were diluted by PBS to the required concentration in a 1 mL assay volume. Nile red (1 µL) was applied to each sample to give concentration of (2.5 µM). The fluorescence emission was measured using an excitation wavelength of 550 nm.
Fluorescence intensity was recorded at 635 nm. This procedure was performed in triplicate.
We carried out this assay under different conditions for C 16 -DAPMA in order to determine the impact of environment on self-assembly (Table S1 ). In buffered conditions (Tris) the CMC decreases from (67 ± 5) µM to (40 ± 1) µM in the presence of salt, whereas in unbuffered water the CMC is significantly higher on addition of salt, increasing from (37 ± 3) µM to (72 ± 5) µM. The decrease in CMC in buffered conditions suggests enhanced selfassembly, in agreement with observations from Bromfield et al for the effect of salt on a related system, in which salt screening of the micellar surface charges enhances assembly. 4 In unbuffered water, we suggest that pH changes may be significant -hence the difference.
Interestingly, the binders were more soluble when the salt was added after dissolving the binders in pure solvent. To further probe the effect of salt on assembly, we monitored the other binders under the key conditions (Table S2 ). In Tris, C 16 -DAPMA assembled most effectively, while C 16 -SPM struggled to dissolve and had a higher CMC. This is in agreement with the higher charge of the C 16 -SPM surface groups under these conditions leading to electrostatic repulsion and limiting assembly. In unbuffered water, the trend was inverted, with C 16 -SPM assembling most effectively, presumably because the pH of the system could change under these conditions, limiting the degree of protonation of the amine units and assisting self-assembly of this larger amine.
Dynamic Light Scattering
The Figure S4 . TEM image of C 16 -DAPMA. In order to estimate the CMC in the presence of polyanion -linear fitting of the first two regions of this graph was performed (Fig. S4) -it was assumed that on initial addition of binder, it is non-assembled and cannot efficiently displace EthBr, however, once a critical concentration is reached, assembly is initiated under these conditions (encouraged by the presence of DNA) and the displacement of EthBr becomes more significant. Based on this assumption, the point at which these lines intersect can be proposed as a critical aggregation concentration under these assay conditions. Similar analysis could be performed for all of the EthBr and MalB assays and the data presented in Table S3 extracted. It is clear that in all cases, the apparent CMC value in the presence of polyanion is much lower than in its absence, and that anion binding encourages the self-assembly effect -in this way, self-assembled multivalency can be considered to enhance both binding and selfassembly, with the two effects reinforcing one another. It is also clear that the trends in apparent CMC match the observed trends in polyanion binding performance reported in the main paper, as such, we propose that those systems which bind best to the polyanions exhibit 
Transmission Electron Microscopy Images

Isothermal Titration Calorimetry
Isothermal Titration Calorimetry (ITC) experiments were conducted using a Nano ITC Technology (TA Instruments, New Castle, DE, USA). Binding conditions were optimized for each SAMul ligand. The thermodynamic of micellization of all SAMul molecules was investigated in Tris HCl/150 mM NaCl buffered solutions. The same solution conditions were employed to obtain the thermodynamic parameters for heparin/SAMul ligands binding, while for DNA binding SHE/150 mM NaCl buffered solutions were used. In the binding assays, DNA and heparin initial concentration in the corresponding buffered solutions was 30 μM. All solutions and buffers used in the experiments were degassed for 30 min at room temperature under stirring at 350 rpm prior to experiment. Upon filling cell and syringe, stirring was turned and the each system was allowed to thermally equilibrate for 30 minutes.
The enthalpy change caused by DNA/heparin dilution, measured under the same circumstances by titration buffer/NaCl solutions into the corresponding solutions, was found to be very small and therefore was neglected. Raw data curves were integrated with Microcal Origin Software, as described in the instrument manual. Statistics were performed on the thermodynamic parameters with a desired confidence interval of 95%. Each experiment was repeated in duplicate, and show excellent reproducibility. 
Multiscale Modeling Methods
Multiscale Modeling of Self-Assembly Process
In this work, we resorted to our well-validated multiscale molecular modeling procedure [7] [8] [9] [10] [11] based on the systematic elimination of computationally expensive degrees of freedom while retaining implicitly their influence on the remaining degrees freedom in the mesoscopic model. Accordingly, using the information obtained from atomistic molecular dynamics simulation (MD), we parameterized the dissipative particle dynamics (DPD) 12 models that incorporate all essential physics/phenomena observed at the finer level. The outline of the general strategy of our multiscale modeling approach may be summarized as follows: i) explicit solvent atomistic MD calculations 13 were performed on C 16 -DAPMA, C 16 -SPD, and C 16 -SPM and their assembly; ii) coarse-grained DPD simulations were carried out at concentrations higher than the experimental CAC and the aggregates were characterized in terms of dimension and aggregation number; the mesoscale model parameters were calculated exploiting the conformational properties and energetic values obtained from MD simulation at point (i) 14 using an explicit solvent model in which each molecule was represented as single force centers (beads) and solvent was treated explicitly in the presence of ions and counterions. Langevin dynamics were then conducted using the DPD representation of the system; iii) the equilibrium configurations of the self-assembled systems obtained at point (ii) were mapped back to the corresponding atomistic MD models, and then new atomistic MD simulations were conducted to calculate binding energies between each micelle and DNA as well as the heparin molecule.
Atomistic Molecular Dynamics Simulation of the Amphiphilic Molecules and their
Assembly
All atomistic simulations and data analysis were performed with the AMBER 14 suite of programs. 15 The models of the C 16 -DAPMA, C 16 -SPD, and C 16 -SPM compounds were built and geometry-optimized using the Antechamber module of AMBER 14 and the GAFF force field. 16 The molecule structures were then solvated in a TIP3P 17 water box to generate a bulk system with a concentration lower than the corresponding experimental CAC value. Then, the required amount of Na + and Cl -ions were added to neutralize the system and to mimic salt conditions, removing eventual overlapping water molecules. The solvated molecules were subjected to a combination of steepest descent/conjugate gradient minimization of the potential energy, during which all bad contacts were relieved. The relaxed systems were then gradually heated to 300 K in three intervals by running constant volume-constant temperature (NVT) MD simulation, allowing a 0.5 ns interval per 100 K. Subsequently, 10 ns MD simulations under isobaric-isothermal (NPT) conditions were conducted to fully equilibrate each solvated compound. The SHAKE algorithm 18 with a geometric tolerance of 5x10 -4 Å was imposed on all covalent bonds involving hydrogen atoms. Temperature control was achieved using the Langevin 19 temperature equilibration scheme and an integration time step of 2 fs. At this point, these MD runs were followed by other 20 ns of NVT MD simulation.
The particle mesh Ewald (PME) method 20 was used to treat the long-range electrostatics.
Exploiting the morphological information obtained at the mesoscale level (vide infra), the corresponding atomistic models of C 16 -DAPMA, C 16 -SPD, and C 16 -SPM micelles were built and placed in a cubic box filled with water molecules extending at least 20 Å from the solute ( Figure S8A) . A suitable number of Na + and Cl -ions was added to neutralize the system and to mimic ionic strength. The supramolecular assembly was relaxed according to the procedure described above (Figure S8B ), followed by 100 ns of NVT MD ( Figure S8C ). All of the production molecular dynamics simulations were carried out working in our own CPU/GPU hybrid cluster. Comparing the appropriate MD and DPD pair-pair correlation functions, we determined the mesoscale topology of each compound in solution, according to a procedure validated by our group on other, related self-assembling compounds. [21] [22] [23] [24] Accordingly, at a coarse-grained level we modelled the different ligands using amphiphilic chains made up of 5 bead types as shown in Figure S9 : three different charged amine moieties N1, N2, and NM, one hydrophobic building block C, representing the alkyl chain, and one further bead type, L, featuring an amide group. Solvent molecules were simulated by single bead types W, and an appropriate number of counterions of a charge of ± 1 were added to preserve charge neutrality and to account for the ionic strength. All simulations were performed in 3D-periodic cubic boxes. The appropriate number of C 16 -DAPMA, C 16 -SPD, and C 16 -SPM molecules was added to the simulation box in order to fit experimental concentrations. Intra-and intermolecular interactions between DPD particles are expressed by a conservative, soft-repulsive force, vanishing beyond a certain cutoff radius r c , whose value sets the unit length in simulations. The intensity of this conservative force is defined by a pair-repulsive parameter a ij , which accounts for the underlying chemistry of the system considered. In this work, we employed a well-validated strategy that correlates the interaction energies estimated from atomistic MD simulations to the mesoscale a ij parameter values. [21] [22] [23] [24] [25] [26] [27] Following this computational recipe, the atomistic interaction energies between the components of the solvated C 16 -DAPMA/ C 16 -SPD/C 16 -SPM systems were estimated using the Molecular Mechanics/Poisson Boltzmann Surface Area (MM/PBSA) methodology 28 (vide infra) as implemented in the Amber 14 package. Once obtained, the atomistic interaction energies were rescaled onto the corresponding mesoscale segments adapting the procedure described in detail in reference. 27 The self-repulsive interaction parameters for water were set equal to a WW = 25 in agreement with the correct value of DPD density  = 3. 12 The maximum level of hydrophobic/hydrophilic repulsion was captured by setting the interaction parameter a ij between the water bead W and the alkyl tail bead C as 80.
The counterions were set to have the interaction parameters of water. 29 Once these parameters were assigned, all the remaining bead-bead interaction parameters for the DPD simulations were easily obtained, starting from the atomistic interaction energies values (Table S4) . Unless otherwise stated, in all DPD studies the following reduced units were used: r c is the unit of length, m is the mass of a DPD particle, and kT is the unit of energy. Simulations were carried out at a total particle density of ρ = 3 in a box of 40 r c 3 with a time step of Δt = 0.04
and a simulation period of 1 x 10 5 steps or longer until stable morphology was observed. All mesoscale simulations were performed using Materials Studio v. 5.0 software.
Atomistic molecular dynamics simulations of C 16 -DAPMA, C 16 -SPD, and C 16 -SPM micelles in complex with DNA and heparin
The model system of C 16 -DAPMA, C 16 -SPD, and C 16 -SPM micelles described above was taken from an equilibrated configuration of the assembly, removing all water molecules and ions. The complex of DNA and heparin with C 16 -DAPMA, C 16 -SPD, and C 16 -SPM micelle, was then achieved by adapting a consolidated procedure developed by our group. 5 Accordingly, it will be reported here briefly. To build the 3D models of the complexes, the biomolecule chain was initially placed close to each micelle periphery. The resulting molecular pair was subsequently energy minimized to yield a starting structure devoid of substantial van der Waals overlaps. Each complex was then solvated with an appropriate number of TIP3P 17 water molecules extending at least 20 Å from the solute. A suitable number of Na + and Cl -counterions were added to neutralize the system and to mimic the salt conditions. Eventual overlapping water molecules were removed. Each complex molecular model was then subjected to a combination of steepest descent and conjugate gradient energy minimization steps (50000 cycles), in order to relax close atomic distances. The energyminimized systems were further equilibrated by performing 10 ns MD simulations in the NPT ensemble using an integration step of 1fs. During equilibration, different energetic components as well as static and conformational properties were monitored, to ensure their stabilization prior to production runs. MD production runs were performed on equilibrated systems again in the NPT ensemble with 1 fs time step (T = 300 K, P = 1 bar). The Langevin method for the control of temperature (with a damping coefficient of 5 ps -1 ) and the NoseHoover Langevin piston method 30 for the control of pressure (using a piston period of 0.8 ps and a decay time of 0.4 ps) were employed for temperature and pressure control, respectively.
Electrostatic interactions were computed by means of the PME algorithm. 16 Subsequently, the production MD trajectories of 100 ns were generated. For the calculation of the binding free energy between heparin and each compound, 10000 snapshots were saved during the MD data collection period described above, one snapshot per each 10 ps of MD simulation.
All of the production (MD) simulations were carried out using AMBER 14 platform by applying the ff14SB and the gaff force field 31 working in our own CPU/GPU hybrid cluster.
All energetic analyses were performed by running the MM/PBSA script supplied with AMBER 14 on a single MD trajectory of each complex considered.
To estimate the free energy of binding G bind between DNA or heparin and each compound, we resorted to a well-established computational recipe 32 based on the MM/PBSA methodology. 28 Briefly, for a non-covalent association of two molecular entities A + B  AB, the free energy of binding involved in the process may be generally written as G bind = G AB -G A -G B . For any species on the right hand side of this equation, from basic thermodynamics we have G i = H i -TS i , where H i and S i are the enthalpy and entropy of the ith species, respectively and T is the absolute temperature. In view of this expression, G bind can then be written as: G bind = H bind -TS bind . H bind is the variation in enthalpy upon association and, in the MM/PBSA framework of theory, can be calculated by summing the molecular mechanics energies (E MM ) and the solvation free energy (G solv ), i.e., H bind = E MM + G solv . Finally, the estimation of the entropic contribution -TS bind is performed using normal mode analysis, which requires the computation of eigenvectors and eigenvalues via the diagonalization of the Hessian matrix.
We deconvoluted the enthalpic term of the effective free energy of binding into its main exploiting the MD trajectory of each given heparin complex. This analysis was carried out using the MM/GBSA approach, 33 and was based on the same snapshots used in the binding free energy calculation.
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